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(54) Kneading apparatus and kneading method 

(57) This kneading apparatus has a first cylinder (2) 
having a first chamber (2a) and a first narrow hole (2b); 
a first piston (3) which is movable in the first cylinder (2) 
to vary the capacity of the first chamber (2a); a second 
cylinder (4) having a second chamber (4a) and a second 
narrow hole (4b); a second piston (5) which is movable 
in the second cylinder (4) to vary the capacity of the sec- 
ond chamber (4a); and a cylinder support unit (7) which 



holds a base of the first piston (3), and a base of the 
second piston (5), in such a manner that the bases can 
be attached and removed. The first and second cylin- 
ders (2, 4) are arranged along an axial line with their tips 
(22d, 42d) separably joined together. An object of 
kneading is inserted into at least one of the first chamber 
(2a) and the second chamber (4a), and is kneaded by 
the motion of the first and second cylinders (2, 4) in a 
direction along the axial line. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a kneading apparatus 
and method, which are suitable for kneading objects. 

Description of Related Art 

[0002] A kneading apparatus of this type has been 
disclosed in, for example, Japanese Laid-Open Patent 
Application No. 5-103966. This kneading apparatus 
comprises two chambers which are provided at the left 
and right ends of a narrow tube, the capacities of the 
chambers being varied by pistons, and an injection / dis- 
charge hole for a liquid (object of kneading), which is 
connected at the top of the narrow tube and is isolated 
from the outside by a rubber-like lid. 
[0003] In the kneading apparatus described above, 
the left and right pistons move back and forth along the 
same direction, thereby conveying the liquid along the 
narrow tube; the liquid is kneaded by the turbulence 
generated at this time. 

[0004] However, in this kneading apparatus, since the 
injection / discharge hole is provided in the top of the 
narrow tube, liquid which has accumulated in the injec- 
tion / discharge hole does not flow easily into the narrow 
tube, and the injected liquid is not sufficiently kneaded. 
Since it becomes necessary to use an injector to inject 
the liquid into the injection / discharge hole, and to ex- 
tract the liquid from the injection / discharge hole, the 
operation of injecting and extracting the liquid becomes 
troublesome. Further, it is necessary to hold the cylinder 
section comprising the two chambers and the narrow 
tube by hand, and push one of the pistons into it, making 
the kneading operation troublesome and increasing the 
probability of infiltration by bacteria and the like. 

SUMMARY OF THE INVENTION 

[0005] This invention has been realized in considera- 
tion of the problems mentioned above, and aims to pro- 
vide a kneading apparatus and method capable of suf- 
ficiently kneading an object, and simplifying the insertion 
and extraction of the object before and after kneading, 
with a low probability of infiltration of bacteria and the 
like. 

[0006] In order to achieve the above objects, the 
kneading apparatus according to a first aspect of this 
invention comprises a first cylinder having a first cham- 
ber, the capacity of the first chamber being varied by the 
motion of a first piston, and a first narrow hole, which is 
provided in a tip of the first cylinder and connects to the 
first chamber; a second cylinder having a second cham- 
ber, the capacity of the second chamber being varied by 
the motion of a second piston, and a second narrow 



hole, which is provided in a tip of the second cylinder 
and connects to the second chamber. The first and sec- 
ond cylinders are arranged on the axial line with their 
tips separably joined together, so that the first and sec- 
5 ond chambers are connected together by at least one 
of the first narrow hole and the second narrow hole. The 
kneading apparatus also comprises a cylinder support 
unit, which holds the base of the first piston which pro- 
trudes from the base of the first cylinder, and the base 
10 of the second piston which protrudes from the base of 
the second cylinder, in such a manner that they can be 
freely attached and removed. An object of kneading is 
inserted into the first chamber and/or the second cham- 
ber, and is kneaded by the motion of the first and second 
15 cylinders in the axial direction. 

[0007] According to the present invention, the object 
of kneading can be sufficiently kneaded by moving the 
first and second cylinders. There is no need to hold the 
first and second pistons by hand, reducing the area 
20 touched by hand and thereby reducing the probability of 
infiltration of bacteria. Further, since the pistons do not 
necessarily have to be moved in the push direction, the 
kneading operation is simplified. 
[0008] The object of kneading can be easily inserted 
25 into the first chamber and the second chamber, for ex- 
ample, by drawing it through the tips, or by removing the 
first piston and the second piston. After the kneading 
operation has ended, the object of kneading can be eas- 
ily removed from the first and second chambers by 
30 pushing first and second pistons. There is a further ad- 
vantage in that, since the cement powder and the hard- 
ening liquid are kneaded in an airtight space sealed by 
the first narrow hole and/or the second narrow hole, the 
first chamber, and the second chamber, the amount of 
35 air entering the object of kneading is extremely small. 
[0009] According to a second aspect, in the kneading 
apparatus of the first aspect, the object of kneading 
comprises a cement powder and a hardening liquid 
which reacts with the cement powder In this case, it is 
40 possible to easily achieve the cement powder and the 
hardening liquid which have been sufficiently kneaded 
and just start to harden. Since the amount of air entering 
the object of kneading is extremely small, after harden- 
ing, the cement material is extremely strong. 
45 [0010] According to a third aspect, in the kneading ap- 
paratus of the first and second aspects, an injection unit 
can be attached to the tip(s) of the first cylinder and/or 
the second cylinder. In this case, the object of kneading 
can be easily injected into an object of injecting by at- 
50 taching an injection unit to, for instance, the tip of the 
first cylinder. This offers an advantage that, when the 
cement powder and the hardening liquid have been 
kneaded and just start to harden, they can be immedi- 
ately injected into, for example, a bone which is full of 
55 pores caused by osteoporosis. 

[0011] According to a fourth aspect, the kneading 
method of this invention comprises the steps of arrang- 
ing a first cylinder having a first chamber, the capacity 
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of the first chamber being varied by the motion of a first 
piston, and a first narrow hole, which is provided in a tip 
of the first cylinder and connects to the first chamber, 
and a second cylinder having a second chamber, the 
capacity of the second chamber being varied by the mo- 
tion of a second piston, and a second narrow hole, which 
is provided in a tip of the second cylinder and connects 
to the second chamber, on an axial line with their tips 
separably joined together, so that the first and second 
chambers are connected together by at least one of the 
first narrow hole and the second narrow hole; and using 
a cylinder support unit to hold the base of the first piston 
which protrudes from the base of the first cylinder, and 
the base of the second piston which protrudes from the 
base of the second cylinder, in such a manner that they 
can be freely attached and removed, while kneading an 
object of kneading, which has been inserted into the first 
chamber and/or the second chamber, by the motion of 
the first and second cylinders in the axial direction. 
[0012] According to a fifth aspect, in the kneading 
method of the fourth aspect, the object of kneading com- 
prises a cement powder and a hardening liquid which 
reacts with the cement powder. 

[0013] According to a sixth aspect, in the kneading ap- 
paratus of the fourth and fifth aspects, after the object 
of kneading has been kneaded, an injection unit is at- 
tached to the tip(s) of the first cylinder and/or the second 
cylinder, and the object of kneading is injected into an 
object of injecting. 

[0014] According to the present invention, after the 
connection between the tips of the first cylinder and the 
second cylinder has been disengaged, the object of 
kneading is drawn from the tips by pulling at least one 
of the pistons. Consequently, the object of kneading is 
inserted into the first chamber and/or the second cham- 
ber. Then, after the tips of the first cylinder and the sec- 
ond cylinder have been connected together, the cylinder 
support unit holds the base of the first piston and the 
base of the second piston. This completes the prepara- 
tion for kneading. Alternatively, the object of kneading 
may be inserted into the first chamber and/or the second 
chamber by other methods such as pulling the piston 
out from the cylinder. 

[0015] Holding the cylinder support unit in the hand, 
the first cylinder and/or the second cylinder is/are moved 
in the axial direction. The first and second cylinders 
move together, and the object of kneading which has for 
example been inserted into the first chamber passes 
through the first narrow hole and/or the second narrow 
hole to the second chamber; alternatively, the object of 
kneading which has been inserted into the second 
chamber passes through the first narrow hole and/or the 
second narrow hole into the first chamber. 
[0016] Turbulence, differences in current speeds, and 
the like, are generated by squeezing as the object of 
kneading flows through the first and second narrow 
holes, by the rapid movement through the first narrow 
hole and the like, and by spillage from the first narrow 



hole and the like to the first and second chambers; in a 
case where two or more substances have been inserted 
for kneading, these substances are kneaded very 
speedily. Therefore, by repeating the backward and for- 
5 ward motion of the first cylinder and the second cylinder, 
the object of kneading can be sufficiently kneaded. 
[0017] Moreover, at the time of kneading, it is suffi- 
cient to hold at least one of the first cylinder and the sec- 
ond cylinder in the hand and move it in the axial direc- 
10 tion, it being unnecessary to hold the first and second 
pistons in the hand, thereby reducing the area touched 
by hand. This reduces the probability of infiltration by 
bacteria. Since the pistons do not necessarily have to 
be moved in the push direction, the kneading operation 
15 is simplified. 

[0018] After the kneading operation, the object of 
kneading can be easily removed from the tips of the first 
and second cylinders by removing them from the cylin- 
der support unit and separating their tips. In other words, 
20 the object of kneading remaining in the first and second 
chambers can be easily removing from the tips simply 
by pushing the first and second pistons. This simplifies 
the insertion and removal of the object of kneading. 
There is a further advantage in that, since the kneading 
25 . is performed in an airtight space sealed by the first nar- 
row hole and/or the second narrow hole, the first cham- 
ber, and the second chamber, the amount of air entering 
the object of kneading is extremely small. 
[001 9] In the second and fifth aspects of the invention, 
30 the cement powder is for example pouring into the first 
chamber from the tip of the first cylinder using a funnel 
after disconnecting the tips of the cylinders from each 
other, and a hardening liquid is drawn into the second 
chamber from the tip of the second cylinder by pulling 
35 the second piston; thereafter, the tips are connected to- 
gether, and the first and second cylinders are moved af- 
ter attaching the cylinder support unit thereto, thereby 
kneading the cement powder and the hardening liquid 
sufficiently, until they just start to harden. Moreover, 
40 since the amount of air entering the object of kneading 
is extremely small, after hardening, the hardened ce- 
ment material is extremely strong. 
[0020] Alternatively, the cement powder and the hard- 
ening liquid may be inserted into, for example, one of 
45 the first chamber and second chamber, and kneaded by 
moving the first and second cylinders. 
[0021] When a cement powder and a hardening liquid 
are used as the object of kneading, the inner diameter 
of the first and second narrow holes should preferably 
so be between 2 mm and 1 0 mm. When the inner diameter 
is less than 2 mm, the motion resistance of the cement 
powder is particular too strong, preventing the first and 
second cylinders from moving smoothly; when the inner 
diameter exceeds 10 mm, the squeeze effect is re- 
55 duced, making it impossible to sufficiently mix and 
knead the cement powder and the hardening liquid with- 
in a short period of time, and reducing the strength of 
the cement after it has hardened. 
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[0022] When D1 and D2 respectively represent the in- 
ner diameters of the first and second cylinders, and d1 
and d2 respectively represent the inner diameters of the 
first and second narrow holes, the contraction rate for 
the diameters of the narrow holes, which are calculated 
using the ratio of d1/D1 , d2/D2, d1/D2, and d2/D1 , are 
preferably between 10% and 50%. The reason for this 
is that when the contraction rate is less than 10%, the 
squeeze factor increases and the motion resistance of 
the cement powder and the like becomes excessive; 
when the contraction rate is more than 50%, the 
squeeze effect is reduced, making it impossible to suf- 
ficiently mix and knead the cement powder and the like 
within a short period of time. A contraction rate for the 
diameter of the narrow hole of between 10% and 50% 
enables the apparatus to be applied to objects of knead- 
ing other than one comprising a combination of cement 
powder and hardening liquid. 

[0023] According to the third and sixth aspects of this 
invention, the object of kneading can be easily injected 
into an object of injecting by attaching an injection unit 
to, for instance, the tip of the first cylinder. For example, 
when the cement powder and the hardening liquid have 
been kneaded and they just start to harden, they can be 
immediately injected into, for example, a bone (object 
of injecting) which is full of pores caused by osteoporo- 
sis. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0024] 



Fig. 1 is a cross-sectional view of a kneading appa- 
ratus according to a first embodiment of this inven- 
tion; 

Fig. 2 is a diagram of the same kneading apparatus, 
being a cross-sectional view taken along the line II 
-II of Fig. 1; 

Fig . 3 is a diagram of the same kneading apparatus, 
being a cross-sectional view taken along the line III 
-III of Fig. 1; 

Fig. 4 is a cross-sectional view showing primary 
parts of the same kneading apparatus; 
Fig. 5 is a cross-sectional view showing primary 
parts of a kneading apparatus according to a sec- 
ond embodiment of this invention; 
Fig. 6 is a cross-sectional view showing primary 
parts of a kneading apparatus according to a third 
embodiment of this invention; 
Fig. 7 is a cross-sectional view showing primary 
parts of a kneading apparatus according to a fourth 
embodiment of this invention; and 
Fig. 8 is a cross-sectional view showing primary 
parts of a kneading apparatus according to a fifth 
embodiment of this invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Preferred embodiments of the invention will be 
5 explained with reference to the drawings. 

Embodiment 1 

[0026] Figs. 1 to 4 show a first embodiment of this in- 
to vention. The kneading apparatus 1 of the first embodi- 
ment comprises a first cylinder 2 and a second cylinder 
4. The first cylinder 2 has a first chamber 2a having a 
capacity which is varied by the movement of a f irst piston 
3, and a first narrow hole 2b leading to the first chamber 
15 2a in its tip 22d. The second cylinder 4 has a second 
chamber 4a having a capacity which is varied by the 
movement of a second piston 5, and a second narrow 
hole 4b leading to the second chamber 4a in its tip 42d. 
[0027] The first cylinder 2 and second cylinder 4 are 
20 provided along a horizontal line with their tips 22d and 
42d separably connected by a thread mechanism 6; 
thus connected, the first chamber 2a and the second 
chamber 4a are joined together via the first narrow hole 
2b and the second narrow hole 4b. 
25 [0028] The first cylinder 2 and the second cylinder 4 
respectively comprise cylindrical sections 21 and 41 , 
and head sections 22 and 42 which are connected by 
screws at the tips of the cylindrical sections 21 and 41 
respectively. 

30 [0029] The cylindrical sections 21 and 41 have male 
screws 21 a and 41 a around the outer rims of their tips, 
and flanges 21b and 41b, which extend outwardly in a 
direction parallel to the radius from their respective base 
sections. 

35 [0030] The head sections 22 and 42 comprise in one 
body (a) large-diameter cylindrical sections 22b and 42b 
having in their inner faces female screws 22a and 42a 
respectively, which screw together with male screws 
21 a and 41 a, (b) tapered sections 22c and 42c which 

40 become narrower as they lead from the large-diameter 
cylindrical sections 22b and 42b toward the tips, and (c) 
tip sections 22d and 42d, provided at the tip end of the 
tapered sections 22c and 42c. Sealing members, such 
as O-rings, may be inserted between the tip positions of 

45 the sections where the male screws 21a and 41a are 
provided in the cylindrical sections 21 and 41 , and the 
deepest points of the sections where the female screws 
22a and 42a are provided in the head sections 22 and 
42. 

so [0031] As shown in Fig. 4, the tip section 22d of the 
first cylinder 2 is comprised of an inner circular pipe 22e 
and an outer circular pipe 22f, which are provided 
around the same axis, and the tip section 42d of the sec- 
ond cylinder 4 comprises a circular pipe which is small 
55 enough to fit between the inner circular pipe 22e and the 
outer circular pipe 22f . 

[0032] The thread mechanism 6 comprises a female 
screw in the inner peripheral face of the outer circular 
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pipe 22f in one tip section 22d, and a male screw in the 
outer peripheral face of the other tip section 42d, which 
screws into the female screw. The tip sections 22d and 
42d are kept sealed from the outside by connecting the 
outer peripheral face of the inner circular pipe 22e to the 
inner peripheral face of the tip section 42d, or by insert- 
ing a viscous sealant into the connection. 
[0033] Furthermore, the tip 22d can be held in place 
by clipping the outer periphery of the inner circular pipe 
22e into the base section of an unillustrated injection 
needle (injection means). The other tip section 42d can 
be held by clipping its outer periphery into the base sec- 
tion of an injection needle. 

[0034] As shown in Fig. 1 , the first piston 3 and the 
second piston 5 respectively comprise piston heads 3a 
and 5a, and piston rods 3b and 5b which extend from 
the piston heads 3a and 5a toward the bases of the cyl- 
inders 2 and 4, and protrude from the bases (the posi- 
tions of the flanges 21b and 41b). As shown in Fig. 3, 
the piston rods 3b and 5b are cross-shaped in cross- 
section. The bases of the piston rods 3b and 5b com- 
prise square-shaped guiding plates 3c and 5c, which 
protrude at right angles to the axial direction. It is pref- 
erable that these guiding plates 3c and 5c have square 
shapes, in consideration of the moldability with resins, 
and in consideration of the easiness of insertion of the 
guiding plates 3c and 5c into the clip grooves 71 f and 
72f. However, the guiding plates 3c and 5c may have 
other shapes such as rectangular shapes. 
[0035] The piston rods 3b and 5b may be round, 
square, circular, or multi-sided, in cross-section. 
[0036] The first cylinder 2, the second cylinder 4, the 
first piston 3, and the second piston 5 comprise single 
pieces of compound resin such as PP (polypropylene) 
or PE (polyethylene), and are discarded after a single 
kneading operation. 

[0037] The first cylinder 2 and second cylinder 4 are 
connected together by the thread mechanism 6, but can 
be freely attached and removed by a cylinder support 
unit 7, provided via guide plates 3c and 5c of the first 
piston 3 and second piston 5. 

[0038] As shown in Fig. 1 , the cylinder support unit 7 
comprises a first supporting member 71 which holds the 
guide plate 3c of the first piston 3 so that it can be freely 
attached and removed, a second supporting member 72 
which holds the guide plate 5c of the second piston 5 so 
that it can be freely attached and removed, and four sup- 
porting bars 73 which hold the first supporting member 
71 and the second supporting member 72 parallel to 
each other with a predetermined interval therebetween. 
[0039] As shown in Fig. 3, in the present embodiment, 
the first supporting member 71 and the second support- 
ing member 72 comprise square plates of a metal such 
as stainless steel, brass, or the like, the left edges 71a 
and 72a being provided parallel to the right edges 71b 
and 72b, and the top edges 71 c and 72c being provided 
parallel to the bottom edges 71 d and 72d respectively. 
Therefore, it is possible to place the first supporting 



member 71 and the second supporting member 72, for 
example, on a horizontal table, so as to support the first 
and second cylinders 2 and 4 in a horizontal state or in 
a vertical state. Thus, an advantage can be obtained in 

5 that cement powder and a hardening liquid are stably 
maintained in the cylinders for a moment after or before 
mixing them. The shapes of the supporting members 71 
and 72 may be changed to other shapes. 
[0040] Furthermore, guide grooves 71 e and 72e are 

10 provided along the center lines from the left to the right 
of each of the top edges 71 c and 72c on one face of the 
first supporting member 71 and the second supporting 
member 72 respectively, and extend as far as the central 
section of the first and second supporting members 71 

15 and 72. Clip grooves 71 f and 72f are provided in the 
guide grooves 71 e and 72e, and guide the side edges 
of the guide plates 3c and 5c in a freely movable manner 
while preventing them from becoming detached at right 
angles to the first and second supporting members 71 

20 and 72. 

[0041] The supporting bars 73 comprise round-head- 
ed rods of a metal such as stainless steel or bronze, and 
their end sections are secured at the four corners of the 
first and second supporting members 71 and 72 by bolts 
25 73a (see Fig. 1). 

[0042] The above metal makes the cylinder support 
unit 7 highly rigid, and suitable for repeated use in 
kneading. 

[0043] Alternatively, the first and second supporting 
30 members 71 and 72, and the supporting bars 73 and the 
like, of the cylinder support unit 7 may be comprised of 
a material other than metal, such as a hard and strong 
plastic. This achieves a highly rigid cylinder support unit 
7. 

35 [0044] In the kneading apparatus 1 of the constitution 
described above, the cylinders 2 and 4 comprising the 
pistons 3 and 5 are firstly removed from the cylinder sup- 
port unit 7, the thread mechanism 6 is disengaged, and 
the tips 22d and 42d are isolated. Then, for example, 

40 the head section 22 is detached from the first cylinder 
2, and cement powder (object of kneading) is inserted 
into the first chamber 2a. In addition, the second piston 
5 of the second cylinder 4 is pulled so as to draw a hard- 
ening liquid (object of kneading) through the second nar- 

45 row hole 4b of the tip 42d into the second chamber 4a. 
Alternatively, the first piston 3 may be pulled out from 
the first cylinder 2, and the cement powder may be in- 
serted to the first cylinder 2. The hardening liquid may 
be inserted into the second cylinder 4 after detaching 

50 the head section 42 or pulling the second piston 5. The 
cement powder may be inserted into the second cylinder 
4, and the hardening liquid may be inserted into the first 
cylinder 2. After inserting the cement powder and the 
hardening liquid into the cylinders 2 and 4, the head sec- 

55 tion 22 and 42 and the pistons 3 and 5 are attached re- 
spectively to the original positions. Furthermore, the tips 
22d and 42d are joined together, and the guide plates 
3c and 5c of the first piston 3 and the second piston 5 
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are inserted into the guide grooves 71 e and 72e of the 
first supporting member 71 and the second supporting 
member 72 respectively. This attaches the cylinders 2 
and 4 comprising the pistons 3 and 5 to the cylinder sup- 
port unit 7, and completes the preparation for kneading 
the cement powder and the hardening liquid. 
[0045] The supporting bars 73 of the cylinder support 
unit 7 are placed in the palm of the hand, while holding 
at least one of the first cylinder 2 and the second cylinder 
4 and moving it in the axial direction. Consequently, the 
first cylinder 2 and the second cylinder 4 move together 
in the axial direction, so that, for instance, the cement 
powder in the first chamber 2a passes through the first 
narrow hole 2b and the second narrow hole 4b into the 
second chamber 4a containing the hardening liquid; this 
motion is repeated backward and forward, so that the 
cement powder and the hardening liquid passes through 
the first narrow hole 2b and the second narrow hole 4b 
and move between the first chamber 2a and the second 
chamber 4a. 

[0046] At this time, turbulence, differences in current 
speeds, and the like, are generated by the flow into the 
first narrow hole 2b and the second narrow hole 4b, by 
the rapid movement of the first narrow hole 2b and the 
second narrow hole 4b, and by spillage from the first 
narrow hole 2b and second narrow hole 4b to the second 
chamber 4a and first chamber 2a, and accelerate the 
kneading of the cement powder and the hardening liq- 
uid. 

[0047] When the object of kneading (i.e. the cement 
powder and the hardening liquid) just starts to harden, 
the first cylinder 2 and the second cylinder 4 are re- 
moved from the cylinder support unit 7, the connection 
between the tips 22d and 42d is disengaged, and an 
injection needle is attached to, for instance, the tip 22d 
of the first cylinder 2 on the side which is filled with the 
object of kneading. The object of kneading is injected 
into, for instance, a bone (object of injecting) which is 
full of pores caused by osteoporosis. 
[0048] Since the cement powder and the hardening 
liquid are kneaded in an airtight space sealed by the first 
chamber 2a, the second chamber 4a, the first narrow 
hole 2b, and the second narrow hole 4b, the amount of 
air entering the object of kneading is extremely small. 
Therefore, after hardening, the cement material is ex- 
tremely strong. 

[0049] In the case where the head section 22 and 42 
are detached or the pistons 3 and 5 are pulled out in 
order to insert the cement powder and the hardening 
liquid into the cylinders 2 and 4, the tip 22d and the tip 
42d may remain connected. 

[0050] Alternatively, kneading can be performed by 
moving the first cylinder 2 and the second cylinder 4 
while, for instance, one of the first and second ch ambers 
2a and 4a is filled with the cement powder and the hard- 
ening liquid. 

[0051] When cement powder and the hardening liquid 
is used as the object of kneading, as in the case de- 



scribed above, the inner diameter of the first narrow hole 
2b on the inner side should preferably be between 2 mm 
and 1 0 mm. When the inner diameter is less than 2 mm, 
the motion resistance of the cement powder is particular 

5 is too strong, preventing the first cylinder 2 and the sec- 
ond cylinder 4 from moving smoothly; when the inner 
diameter exceeds 10 mm, the squeeze effect is re- 
duced, making it impossible to sufficiently mix and 
knead the cement powder and the hardening liquid with- 

10 in a short period of time, and reducing the strength of 
the cement after it has hardened. Incidentally, the inner 
diameter of 2 mm to 10 mm mentioned above is partic- 
ularly effective when the inner diameters of the first cyl- 
inder 2 and the second cylinder 4 are between 5 mm 

15 and 30 mm. 

[0052] When D and D2 respectively represent the in- 
ner diameters of the first and second cylinders 2 and 4, 
and d1 and d2 respectively represent the inner diame- 
ters of the first and second narrow holes 2b and 4b, the 

20 contraction rates for the diameter of the narrow hole, 
which are calculated using the ratio of d1/D1, d2/D2, 
d1/D2, and d2/D1, are preferably between 10% and 
50%. The reason for this is that when the contraction 
rate is less than 1 0%, the squeeze factor increases and 

25 the motion resistance of the cement powder and the like 
becomes excessive; when the contraction rate is more 
than 50%, the squeeze effect is reduced, making it im- 
possible to sufficiently mix and knead the cement pow- 
der and the like within a short period of time. A contrac- 

30 tion rate for the diameter of the narrow hole of between 
10% and 50% enables the apparatus to be applied to 
objects of kneading other than one comprising a com- 
bination of cement powder and hardening liquid. 
[0053] The cement powder may be, for instance, ce- 

35 ment having main components of alpha tricalcium phos- 
phate, tetracalcium phosphate, and the like. More spe- 
cifically, it may be alpha tricalcium phosphate or tetra- 
calcium phosphate as simple substances or a mixture 
of the two, a mixture of alpha tricalcium phosphate and 

40 dicalcium phosphate and/or monocalcium phosphate, a 
mixture of alpha tetracalcium phosphate and dicalcium 
phosphate and/or monocalcium phosphate, a mixture of 
alpha tricalcium phosphate, tetracalcium phosphate, di- 
calcium phosphate and/or monocalcium phosphate, 

45 and the like. 

[0054] The hardening liquid should preferably com- 
prise water, polyacrylic acid, citric acid, malic acid, or an 
aqueous solution made by dissolving an organic acid of 
a mixture of these, sodium chloride, sodium chondroitin 

50 sulphate, sodium succinate, sodium lactate, or an aque- 
ous solution made by dissolving aqueous salts of a mix- 
ture of these, and the like. 

[0055] As described above, according to the kneading 
apparatus 1 of this embodiment, the object of kneading 
55 can be sufficiently kneaded. Moreover, at the time of 
kneading, it is sufficient to hold at least one of the first 
cylinder 2 and the second cylinder 4 in the hand and 
move it in the axial direction, it being unnecessary to 
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hold the first piston 3 and the second piston 5 in the 
hand, reducing the area touched by hand. This reduces 
the probability of infiltration by bacteria. Since the pis- 
tons do not necessarily have to be moved in the push 
direction, the kneading operation is simplified. 
[0056] The object of kneading can be easily inserted 
into the first chamber 2a and the second chamber 4a by 
removing and attaching the first piston 3 and the second 
piston 5, and, after the kneading operation, the object 
of kneading can be easily removed from the first cham- 
ber 2a and the second chamber 4a by pushing the first 
piston 3 and the second piston 5. 

Embodiment 2 

[0057] Subsequently, a second embodiment of this in- 
vention will be explained based on Fig. 5. Parts which 
are the same as those in the first embodiment are rep- 
resented by the same reference codes and are not de- 
scribed further. 

[0058] In the kneading apparatus 81 of the second 
embodiment, the head sections 22 and 42 shown in the 
first embodiment are provided in a single piece with the 
cylindrical section 21 and cylindrical section 41 respec- 
tively. The tip 22d comprises the tapered section 22c, 
the inner circular pipe 22e, and the outer circular pipe 
22f , and is provided in a single piece with the cylindrical 
section 21 of the first cylinder 2. The tapered section 42c 
and the tip 42d are provided in a single piece with the 
cylindrical section 41 of the second cylinder 4. 
[0059] In the kneading apparatus 81, the hardening 
liquid can be inserted into the first chamber 2a or the 
second chamber 4a by drawing it in from the tips 22d 
and 42d. With regard to the cement powder, it can be 
inserted into the first chamber 2a or the second chamber 
4a by pouring the cement powder from the separated 
tips 22d and 42d using a funnel, or by removing the first 
piston 3 and the second piston 5. 

Embodiment 3 

[0060] Subsequently, a third embodiment of this in- 
vention will be explained based on Fig. 6. Parts which 
are the same as those in the second embodiment are 
represented by the same reference codes and are not 
described further. 

[0061] In the constitution of the kneading apparatus 
82 of the third embodiment, the tip 22d shown in the sec- 
ond embodiment comprises a single circular pipe, and 
the other tip 42d fits around the outer peripheral face of 
the tip 22d. The connection between the inner and outer 
peripheral faces of the two tips 22d and 42d, into which 
a viscous sealant may also be inserted, keeps them air- 
tight from the outside. 

[0062] The cement powder and the hardening liquid 
pass only through the first narrow hole 2b on the inner 
side. 

[0063] In the kneading apparatus 82, the cement pow- 



der and the hardening liquid are inserted into the first 
chamber 2a and the second chamber 4a by drawing 
them in from the tips 22d and 42d, or by removing and 
attaching the first piston 3 and the second piston 5. 

5 

Embodiment 4 

[0064] Subsequently, a fourth embodiment of this in- 
vention will be explained based on Fig. 7. Parts which 
10 are the same as those in the first embodiment are rep- 
resented by the same reference codes and are not de- 
scribed further. 

[0065] Instead of the head sections 22 and 42 shown 
in the first embodiment, the kneading apparatus 83 of 
15 the fourth embodiment comprises a joint unit 831 in 
which the head sections 22 and 42 are connected in a 
single piece. 

[0066] That is, the joint unit 831 comprises female 
screws 22a and 42a, tapered faces 831 b and 831 c, and 
20 a narrow hole 831 d, provided around the axis of a cylin- 
drical main body 831a. 

[0067] The female screws 22a and 42a are the same 
as those provided in the head sections 22 and 42 of the 
first embodiment, and extend to a predetermined depth 

25 jn each end of the main body 831 a. The tapered faces 
831b and 831c become narrower as they approach 
each other from the female screws 22a and 42a. These 
tapered faces 831b and 831c correspond to the tapered 
sections 22c and 42c of the first embodiment. 

so [0068] The narrow hole 831 d connects the sections 
where the diameters of the tapered faces 831 b and 831 c 
are at their minimum, and corresponds to the f i rst narrow 
hole 2b and the second narrow hole 4b of the first em- 
bodiment. That is, the section of the narrow hole 831 d 

35 on the first cylinder 2 side corresponds to the first narrow 
hole 2b, and the section of the narrow hole 831 d on the 
second cylinder 4 side corresponds to the second nar- 
row hole 4b. The joint unit 831 comprises a single piece 
of resin such as PP or PE, 

40 [0069] Sealing members, such as O-rings, may be in- 
serted between the tip positions of the sections where 
the male screws 21 a and 41 a are provided in the cylin- 
drical sections 21 and 41 , and the deepest points of the 
sections where the female screws 22a and 42a are pro- 

45 vided in the joint unit 831 . 

[0070] In the kneading apparatus 83, the cement pow- 
der and the hardening liquid are inserted into the first 
chamber 2a and the second chamber 4a by removing 
and attaching the joint unit 831 , or by removing the first 

50 piston 3 and the second piston 5. 

Embodiment 5 

[0071 ] Subsequently, a fifth embodiment of this inven- 
55 tion will be explained based on Fig. 8. Parts which are 
the same as those in the fourth embodiment are repre- 
sented by the same reference codes and are not de- 
scribed further. 
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[0072] The kneading apparatus 84 of the fifth embod- 
iment comprises a joint section 21c, corresponding to 
the joint unit 831 shown in the fourth embodiment, pro- 
vided in a single piece with the cylindrical section 21 of 
the first cylinder 2. 

[0073] The joint section 21c is provided coaxially 
around the tip of the cylindrical section 21 , and a tapered 
face 831b, a narrow hole 831 d, a tapered face 831c, 
and a female screw 42a, are provided along its inner 
face leading toward its tip side. 
[0074] The tapered face 831 b becomes gradually nar- 
rower as it approaches the tip side from the inner face 
of the cylindrical section 21 . The narrow hole 831 d, the 
tapered face 831 c, and the female screw 42a are the 
same as those shown in the fourth embodiment, and will 
not be explained further. 

[0075] Incidentally, sealing members, such as O- 
rings, may be inserted between the tip of the section 
where the male screw 41 a is provided in the cylindrical 
section 41 , and the deepest point of the section where 
the female screw 42a is provided in the joint section 21c. 
[0076] In the kneading apparatus 84, the cement pow- 
der and/or the hardening liquid are inserted into the sec- 
ond chamber 4a from the tip side of the cylindrical sec- 
tion 41 after separating the continuation unit 21 c and the 
cylindrical section 41 ; alternatively, the cement powder 
and/orthe hardening liquid may be inserted into the sec- 
ond chamber 4a by pouring them through the narrow 
hole 831 d using a funnel or by inserting them from the 
base side of the cylindrical section 41 after pulling out 
the first piston 3. 

[0077] The above constitution enables the number of 
components to be reduced. 

[0078] The cement powder may be inserted into the 
cylinders by drawing the cement powder through the tip 
22d or 42d by pulling the pistons 3 and 5. 



Claims 

1 . A kneading apparatus comprising: 

a first cylinder (2) having a first chamber (2a) 
and a first narrow hole (2b) which is provided 
in a tip (22d) of the first cylinder (2) and com- 
municates with the first chamber (2a); 
a first piston (3) which is movable in the first 
cylinder (2) to vary the capacity of the first 
chamber (2a); 

a second cylinder (4) having a second chamber 
(4a) and a second narrow hole (4b) which is 
provided in a tip (42d) of the second cylinder 
(4) and communicates with the second cham- 
ber (4a); 

a second piston (5) which is movable in the sec- 
ond cylinder (4) to vary the capacity of the sec- 
ond chamber (4a); and 

a cylinder support unit (7) which holds a base 



of the first piston (3) which protrudes from the 
first cylinder (2), and a base of the second pis- 
ton (5) which protrudes from the second cylin- 
der (4), in such a manner that the bases can be 

5 attached and removed; 

wherein the first and second cylinders (2, 4) is 
arranged along an axial line with their tips (22d, 
42d) separably joined together, so that the first 
and second chambers (2a, 4a) are communi- 

10 cated together by at least one of the first narrow 

hole (2b) and the second narrow hole (4b); and 
an object of kneading, which has been inserted 
into at least one of the first chamber (2a) and 
the second chamber (4a), can be kneaded by 

15 the motion of the first and second cylinders (2, 

4) in a direction along the axial line. 

2. A kneading apparatus according to Claim 1 , where- 
in the object of kneading comprises a cement pow- 

20 der and a hardening liquid which reacts with the ce- 
ment powder. 

3. A kneading apparatus according to Claims 1 and 2, 
wherein an injection unit can be attached to at least 

25 one of the tips (22d, 42d) of the first cylinder (2) and 
the second cylinder (4). 

4. A kneading method comprising the steps of: 

30 providing a kneading apparatus which compris- 

es: a first cylinder (2) having a first chamber 
(2a) and a first narrow hole (2b) which is pro- 
vided in a tip (22d) of the first cylinder (2) and 
communicates with the first chamber (2a); a 

35 first piston (3) which is movable in the first cyl- 

inder (2) to vary the capacity of the first cham- 
ber (2a); a second cylinder (4) having a second 
chamber (4a) and a second narrow hole (4b) 
which is provided in a tip (42d) of the second 

40 cylinder (4) and communicates with the second 

chamber (4a); a second piston (5) which is 
movable in the second cylinder (4) to vary the 
capacity of the second chamber (4a); and a cyl- 
inder support unit (7); 

45 inserting an object of kneading into at least one 

of the first chamber (2a) and the second cham- 
ber (4a), 

arranging the first cylinder (2) and a second cyl- 
inder (4) along an axial line with the tips (22d, 

so 42d) separably joined together, so that the first 

and second chambers (2a, 4a) are connected 
together via at least one of the first narrow hole 
(2b) and the second narrow hole (4b); 
connecting a base of the first piston (3) which 

55 protrudes from the first cylinder (2) and a base 

of the second piston (5) which protrudes from 
the second cylinder (4) to the cylinder support 
unit (7); and 
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moving the first and second cylinders (2, 4) in 
a direction along the axial line with respect to 
the cylinder support unit (7) to knead the object 
which has been inserted into at least one of the 
first chamber (2) and the second chamber (4). 5 

5. A kneading method according to Claim 4, wherein 
the object of kneading comprises a cement powder 
and a hardening liquid which reacts with the cement 
powder. 10 

6. A kneading apparatus according to Claims 4 or 5, 
wherein, after the object of kneading has been 
kneaded, an injection unit is attached to at least one 

of the tips (22d, 42d) of the first cylinder (2) and the 15 
second cylinder (4), and the object of kneading is 
injected into an object of injecting. 

20 
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